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PROLONGED RELEASE MICROCAPSULES 



Fi Id of the Invention 

This invenUon relates to microcapsules designed for sustained release of physlotogically active peptide. 

5 

^ Background of the Invention 

Various dosage forms have been proposed for drugs required to be administered for a prolonged period. 
Among them, Japanese published unexamined patent application (Toku-Kai Sho) 57-118512 and its corre- 

10 sponding EP-A-0052510 disclose preparation of microcapsules by a phase separation method using a coac- 
ervation agent such as a mineral ofl or a vegetable oil. Toku-Kai Sho 60-100516 (the corresponding U.S. Patent 
Nos, 4652441 and 4711782). 62-201816 (the corresponding EP-A-0190833) and 63-41416 disclose methods 
of preparing microcapsules by means of in-waler drying. According to these methods, drugs can be efficiently 
incorporated into microcapsules to give desirable microcapsules with less initiai release. 

15 In the case of administering a drug in the form of microcapsules, requirenr^ents for microcapsules having 
high dependency on interaction with functtens of living body are diversified into a variety of phases. Since the 
matter b concerned with medicines, microcapsules capable of satisfying those various requirements as far as 
possible have been desired. 

There are many reports on microcapsules comprising a water-soluble dmg using a biodegradable polymer. 

20 However, in the case of using a water-soluble drug, especially a physiologically active peptide having a rela- 
tively large nrtolecular weight, the diffusion of the drug thus encapsulated into the polymer is low, and, therefore, 
the drijg is not released at the initial stage until the decomposition or impregnating of the pdymer proceeds, 
and» adversely, a large burst at the Initial stage cannot be avoided depending on the method of preparation, 
thus there are often the cases thai practicai difficulties occur when used as medicines. Especially, in sustained 

25 release pharmaceutical compositions over an extended period of time, constant release of the drug with higher 
accuracy is an important requirement, but no microcapsules satisfying those requirements have been known. 

Objects of the Invention 

30 In view of these circumstances, the present inventors have conducted intensive studies with the purpose 
of developing pharmaceutical compositions designed for sustained release of a physfologically active peptide 
over an extended penod of time. As a result, the present inventors found that, by preparing microcapsules using 
suitably selected polylactic acid of a Isnited molecular weight or lactic acid-glycolic acid (1 00/0 to 80/20), micro- 
capsules having continuous excellent releasability for a long time were obtained. Further research work based 

35 on this finding has now led to completion of the present invention. 

More spedftcally. the main object of the present invention is to provide a microcapsule designed for zero 
order release of a physiologically active polypeptide over a period of at least two months, whk:h is produced 
by preparing a water-in-oil emulsion comprising an inner aqueous phase containing about 20 to 70% (W/W) of 
said polypeptide and an oil phase containing a copolymer or homopdymer having a weight-average molecular 

40 weight of 7.000 to 30.000, the composition ratk> of lactic acid/glycdic acid being 80/10 to 100/0, and then sut>- 
jecting said water-in-oil emulston to microencapsulation. 

Summary of the Inventfon 

45 According to the present invention, there is provided the microcapsules designed for zero order release of 
a physologically active polypeptide over a period of at least two months. 

Detaaed Description of the Inventton 

50 The phystologlcally activ peptides usable in practice of this invention include those constituted with two 
or more amln acid residues and having a nr>oIecular weight of about 200 to about 100,000. 

Examples of said peptid s include lutenizing honmone-releasing homnone (LH-RH) and its analogs, for 
example, substances having LH-RH IR^e actwity [cf. U.S. Patents Nos. 3.853,837, 4,008,209, 3,972,859 and 
4,234,571 , British Patent No. 1 ,423,083. Proceedings of the National Academy of Sciences of the United States 

55 f America, Vdum 78, pages 6509-6512 (1981)] and LH-RH antagonists (cf. U.S. Patents Nos. 4,086,219, 
4,124,577, 4,253,997 and 4,317,815). There may be further mentioned prolactin, adrenocorticatropic honnone 



2 



BP 0 442 671 A2 



(ACTH), melanocyte-allmulating hormone (MSH). thyrotropin-r leasing hormon (TRH), salts and d rivatives 
thereof (cf. Toku-Kai She 50-121 273. 51-11 6465), thyroid-stimulating hormone (TSH). lutenizlng homion (LH). 

5 follicle-stimulating hormone (FSH), vasopressin, vasopressin derivatives (desmopressin, etc.), oxytocin, cal- 
citonin, parathyroid homnono (PTH) and its derivatives (cf. Toku-Kai Sho 62-28799). glucagon, gastrin, vaso- 
active Intestinal peptide (VIP), lipocortin, vasocortin. atrial natriuretic peptide (ANP), endothelin, secretin, 
pancreozymin, cholecystoklnln. angiotensin, human placental lactogen, human chorionic gonadotropin (HCQ), 
enkephalin, enkephalin derivatives [cf. U.S. Patent No. 4.382,923, E. P. Appln. Pub. No. 31,567], endorphin, 

10 kyotorphin, insulin, somatostatin, somatostatin derivatives (cf. U.S. Patents Nos. 4.087,390, 4,093.574, 
4.100,117 and 4253.998). growth honmones, and various cell proliferetton differentiation factors (e.g. Insulin- 
like growth factor (IGF), epidermal growth factor (EGF). fibroblast growth factor (FGF), platelet-derived growth 
factor (PDGF). nerve growth factor (NGF). hepatic cell growth factor (HGF), transformed growth factor (TGF-p), 
bone morphagenetic factor (BMF). vascularization factor, vascularization inhibiting factor, fibronectin. laminine, 

15 etc.], interferons (a-, p- and y-type). interleukins (I, II. Ill, IV. V, VI and VII), tuftsin, thynr^opoietin, thymosin, 
thyrTW)stimulin, thymic hunrwral factor (THF). serum thymic factor (FTS) and derivatives thereof (cf. U.S. Patent 
No. 4.229.438). and other thymic factors ((rf. Proc. Natl. Acad. Sci. U.S.A., Vol. 78, pages 1 162-1 186 (1984)], 
tumor necrosis factor (TNF). colony stimulating factor (CSF), motilin. erythropoietin (EPO), dynorphin, bombe- 
sin, neurotensin, ceruleln, bradykinin. urokinase, prourokinase. tissue plasminogen activator (t-PA), and deri- 

20 vatives thereof (cf. Therapeutic Peptides and Proteins". Cold Spring Harbor Uboratory, New York, pp. 69-74, 
1989), streptokinase, asparaginase, kallikrein, substance P.. blood coagulation factors VIII and IX. lysozyme 
chloride, polymfadn B, colistin, gramicWin. bacitracin, etc. 

Especially, in a microcapsule comprising, as the physiologically active polypeptide, an analog of LH-RH, 
which is water-solube and has a molecular weight of 1 .000 or more. (e.g. TAP-144 expressed by {pyT)Glu-His- 

25 Trp-Ser-Tyr-D-Leu-Leu-Arg-ProNHCaHs, or LHRH antagonist expressed by (pyr)Glu-Hls-Trp-Ser-Tyr-Trp-Leu- 
Arg-Pro-GlyNHCaHfi]. continuous sustained release is performed advantageously over a protonged period of 
time. 

These physfologically active peptides are used in amounts selected largely depending on the kind of pep- 
tide, desired pharmacological effects and duration of the effects, among others, and the amount ranges from 
30 about 0.01 mg to 5 g, more preferably, from 0.1 mg to 2 g, as the dosage of mterocapsules. The concentration 
in a microcapsule depends on the physico-chemical properties of the drug, and it Is selected within the rang 
of about 0.01% to about 50% (w/w). more preferably within the range of 0.1% to 30% (w/w). 

The concentration of said polypeptide In the inner aqueous phase of a microcapsule ranges from about 
20% to 70% (w/w). preferably 25 to 65% (w/w), more preferably 35 to 60% (w/w) while it depends on its phy- 
35 sico-chemical . properties such as the solubility in water. 

Examples of the polymer used as a release-controlling substance include copolymers or homopolymers 
of lactic add/glycolic acid whfeh has an add residue in the molecule, is hardly soluble or insdutile in wato- and 
is biocompatible. The ratio of them depends on the pertod required for sustained release, and Is selected from 
the range from 100/0 to 80/20. preferably 100/0 to 90/10, more preferably 100/0. 
40 As lactic add, L-, D- and DL-lactic add can be used, especially copolymer or homopolymer prepared by 

polymerization of monomer or oligomer of DUactic acid is advantageously utilized. 

As the copolymer or homopolymer consisting of DL-lactic acid/glycoilc add. such polymers containing sub- 
stantially no catalyst as obtained by polymerizatton in the absence of catalyst are advantageously used (cf. 
Toku-Kai Sho 61-285215). Polymers having a dispersion degree (ratio of weight-average molecular weight to 
45 number-average molecular weight) of 1 .5 to 3.0. especially 1 .5 to 2.5 are preferable. 

Length of the period of continuous sustained release of microcapsules of this invention largely depends 
on the molecular weight of a polymer and the composition ratio of lactic acid/glycolic add. In (he case of prep- 
aring, for example, microcapsules perfomiing continuous zero order release for at least three months, when 
the imposition ratio of lactic add/glycdic acid is 100/0, preferable average-weight mdecular weight of a 
50 polymer ranges from 7.000 to 25,000 ; when 90/10. from 7.000 to 30.000 ; and when 80/20, flnom 12.000 to 
30.000. 

In the present specification, the weight-average molecular weight and the degree of dispersion mean values 
which are determined by means of a gel-permeation chromatography using commercially available polystyren 
of standard molecular weight 
55 The concentration of a polymer In the oil phase when preparing microcapsules is selected firom the rang 
of about 0.5 to 90% (w/w). more preferably from the range of about 2 to 60% (w/w). 

The solutton (oil phas ) containing the above-menttoned polymer is that of the polymer dissolved in an 
organic soh^ent 

Said organic solvent may be any organfc solvent which has a boiling point not higher than about 120*C 
and hardly mtscible with water. Examples are halogenated alkanes (e.g. dichloromethane, chtoroform. 
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chloroethane, trichloroethane. carbon tetrachloride, etc.). ethyl acetate, ethyl ether, benzene, toluene, eta 

These may be used In admixture of two or nwe. 
5 In the present invention, desirable microcapsules showing less initial release can be prepared without 

adding a dmg retaining substance, but said retaining substance may be supplemented according to a situation. 

The drug retaining substance mentioned above is a compound which gives inaeased viscosity of the inner 

aqueous phase or solidifies by the action of temperature addition of ion, or a compound having a basic residual 

group having protonic charge, which has interaction with a polymer to increase the viscosity of W/0 emulsion. 
10 Examples of said drug retaining substance include gelatin, agar, alginic acid, polyvinyl alcohol, or a basic 

amino acid such as arginine, lysine, etc., polypeptide containing a basic amino acid, an organic base such as 

N-methyl glucamine, and a natural or synthetic basic polymer. 

These compounds can be used singly or as a mixture of two or more of them. WhOe the amount of these 

compounds to be used depends on kinds of them, it is preferable to have the concentration in the inner aqueous 
15 phase selected from the amount ranging from about 0.05% to 90% (w/w). more preferably from about 0.1% to 

80% (w/w). 

As conventional methods of controlling the releasability of these microcapsules, mention is made of a 
method of changing the hydrolysis rate [Biomaterials Vol, 5, 237-240 (1984)] and a method comprising incor- 
poratlon of a water-soluble compound into matrix of microcapsules to create aqueous channels for releasing 

20 the dmg. However, the fonmer tends to invite shortening of a long-lenm of release, and the latter induces only 
an initial burst, thus an approxinf\ate zero-order release can hardly be expected, [Chem. Phami. Bull. Vol. 36(4) 
1502-1607 (1988)1. And, in the latter case, there is a fear of occurrence of undesirable side effects due to the 
increase of drug in blood at the initial stage. Further, there is also a known method (Toku-Kal Sho 57-150609). 
which comprises having the polymerization ratio of lactic acid/g!ycolic acid of PLGA to improve the time of sus- 

25 pending the release. This method is, however, directed to Increase the speed of decomposition of the polymer, 
which, naturally, shortens the period of lasting the release, thus there Is a limit in realizing continuous release 
for a long period of tinre. 

The sustained-release microcapsules of the present invention are prepared by. for example, the following 
method. 

30 Stating nwre concretely, first, a physiologically active peptide is added to water in an anKHjnt of realizing 

the above-mentioned concentration, to which is further added, when necessary, a dmg-retaining substance 
such as the above-mentioned gelatin or basic amino acid to make a solution or a suspension have the above- 
mentioned concentration, to prepare the inner aqueous phase. 

To this inner aqueous phase, there may be added a pH-adjusting agent for maintaining tiie stability or sol- 

35 ubilily of the physiologically active peptide, such as carbonic acid, acetic ackJ, oxalic acid, citric acid, phosphoric 
acid, hydrochtoric acid, sodium hydroxide, arginine. lysine and their salts. And, there may further be added, as 
a stabilizer of the physiologically active peptide, albumin, gelatin, dtric acid, sodium ethylenediamMie tetraace- 
tate, dextrin, sodium hydrogen sulfite or a pdyol compound such as polyethylene glycol, or. as a presentation, 
there may be added conventtonally usable ones, such as a para-hydroxybenzoic acid ester (e.g. methyipara- 

40 ben, propylparaben), benzyl alcohol, chlorobutanol or thimerosal. 

The thus-obtained inner aqueous phase is added to a polymer-containing solution (oil phase), followed by 
an emulsification procedure to give a W/O type emulsion. 

For saki emulsification procedure, a known method of effecting disperston is employed. As the method, 
mention is made of, for example, the intermittent shaking method, the method using a mbcer such as a propel- 

45 ler-shaped stirrer a turbine-shaped stirrer or tiie like, the colloid mill method, tiie homogenizer method or the 
uttrasonification method. 

Then, ttie tiius-prepared W/O emulsion is subjected to microencapsulation. An in-water drying or phase- 
separation nr»thod may be employed as a mean of microencapsulation. In the case of preparing microcapsules 
by the in-water drying, said W/O emulsion is further added to a third aqueous phase to give a W/O/W ternary 
50 emulston and, thereafter, the solvent In the oi phase is evaporated off to give microcapsules. 

To the external aqueous phase, there may be added an enuilsifying agent As the emulsifying agent, there 
may be used any one capable of fonning generally a stable 0/W emulsion, for example an anionic surfactant 
(e.g. sodium oleate, sodium stearate, sodium lauryl suifat , eta), a nonionic surfactant (e.g. 
polyoxyethylenesortjitan fatty acid ester (Tween 80. Tween 60, products of Atlas Powder Co.), a 
55 polyoxyethylene castor ofl derivative (HCO-60, HCO-50, products of Nikko Chemicals), etc.), polyvinyl pyrroli- 
done, polyvinyl alcohol, cart)oxymethylcelIulose. lecithin or gelatin. Such emulsffiers may be used either alone 
or In corrtblnatton or some of them. The emulsifying agent concentration may suitably be selected wittiin the 
rar^e of about 0.01 % to 20%, preferably within the range of about 0.05% to 1 0%. 

For evaporation of th solvent from the oil phase, eny of the common methods in general use is employed. 
The metiiod is conducted by, for xample, gradually reducing the pressure while sthing witti a propeller-shaped 
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Stirrer or a magn tic stinr r, or by using a rotary ovaporator while adjusting the degree f vacuum. In this case, 
the required time can be reduced by gradually warming the W/OA/V emulsion after the progress of solidification 
5 of the polymer to a certain extent for rendering the solv nt renx)val more complet . 

The thus-produced microcapsules are collected by centrifugation or filtration, rinsed several tinnes with dis- 
tilled water to thereby remove the free physiologically active peptide, drug retaking substance and the emul- 
sifying agent adhering to the microcapsule surface, followed by dispersing the resultant In e.g. dlstOled water 
and by freeze-drying. which is, If necessary, wanmed under reduced pressure to thereby remove the moisture 
"to in microcapsules and the solvent in the microcapsule wall more completely. 

In the case of preparing microcapsules by the phase-separation method, a coacervation agent is gradually 
added to the said W/0 emulsion under stinring to allow the polymer to precipitate and solidify. 

A coacervation agent may be any solvent-miscible polymeric, mineral oil or vegetable oS compounds as 
exemplified by silicone oil, sesame oQ, soybean oil, com oil. cotton seed oB, cocoruit oil, linseed o8, mineral 
15 oils, n-hetane. rvheptane etc. These may be used as a mixture of two or more of them. 

The microcapeules obtained thus above were collected by filtration and washed with, for example, heptane, 
repeatedly to renrwve the poor solvent of the polymer. Further, removal of the free drug and separation of the 
solvent were conducted In a manner similar to the in-water drying process. For preventing aggregation of micro- 
capsules to one another during the washing, an agent for preventing aggregation may be added. 
20 The microcapsules of the present invention designed for sustained-release produced by the above-men- 
tioned In-water drying process more preferably perform a stable sustained-release for a long period of time. 

Dosage loans of administering microcapsules of tiie present invention include injections, implantations and 
agents absorbed through mucous membrane of rectum or uterus. 

The microcapsules obtained in the above manner are sieved, when necessary after slightly crushing, to 
25 eliminate excessively large microcapsules. The average grain size of microcapsules is within the range from 
about 0.5 to 1000 nm. desirable and preferably within the range of about 2 to 500 jim. When the microcapsules 
are used as injections in the form of suspension, the grain size may be sufflctent so long as it satisfies the 
requirements for dispersaWllty and injectability, for example, desirably within the range of about 2 to 100 jim. 

The microcapsules produced by the methods according to this invention have many advantages. For inst- 
30 ance, they scarcely uruJergo aggregation or cohesion to one anotiier during the production step. There can be 
obtained microcapsules which are satisfactorily spherical in shape having an optional size. The step d remov- 
ing the solvent from the oil phase is easy to control, whereby the surface structure of mio-ocapsules, which is 
decisive for the rate of drug release can be controlled. 

The microcapsules produced by the method of this invention can be easily administered as injections and 
35 implants intramusculariy, subcutaneously. intravenously, or at an organ, joint cavity or at a lesion such as 
tumors. They may also be administered in various dosage forms and thus can be used as materials in preparing 
such dosage forms. 

For instance, in making up the microcapsules according to this invention for an injection, the microcapsules 
accoiding to the invention are dispersed in an aqueous medium together with a dispersing agent (e.g. Tween 

40 80. HCO-60. carboxymethylcellulose, sodium alginate, etc.), a preservative (e.g. methylparaben, propylpara- 
ben, etc.), an isotonizing agent (e.g. sodium chloride, mannitol. sorbitol, glucose, etc.). or suspended in an 
aqueous medium together with a vegetable oil such as sesame oil or com oil. Such dispersion or suspension 
is formulated into a practically usable sustained-release injection. 

Furthermore, the above microencapsulated sustained-release injection can be converted to a rrwe stable, 

4S sustained-release injection by adding an additional excipient (e.g. mannitol, sorbitol, lactose, glucose, eta), 
redispersing the resulting mixture and effecting solidification by freeze-drying or spray drying with extem- 
poraneous addition of distilled water for injection or some appropriate dispersing agent 

The dose of the sustained-release preparation according to this invention may vary depending on the kind 
and amount of the physiologically active peptide, which is the active ingredient, dosage fonm, duration or drug 

so release, recipient animal (e.g. warm-blooded animals such as rrwuse, rat, rabbit, sheep, pig, cow, horse, 
human) and purpose of administration but should be within the range of effective dose of sakl active ingredient 
For example, the single dose per said animal of the microcapsules can adequately be selected within the range 
of about 0.1 mg to 100 mg/kg body weight, preferably about 0.2 mg to 50 mg/kg body weight 

In this manner, there is obtained a pharmaceutical compositton prepared in the form of microcapsules which 

55 comprises an effectiv but greater amount of the physiologically active peptide as compared with the ordinary 
singi dose and a bkxsompatible polymer and is capable of releasing the drug continuously over a protonged 
period of time. 

The sustained-release preparation according to the present invention has the following characteristics, 
among ottiers : (1) Continuous sustained-release of th physiologically active peptid can be attained in various 
dosage forms. In partfcular, wher a long-term treatment with an injection is required, th desired therapeutic 
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effects can be achieved in a stable manner by injection of the preparation once in three month, or once in six 
months, Inst ad of daily administration. Thus, said preparation can achiev a sustain d drug releas over a 

5 longer period as compared with the conventional sustained-release preparations. 

(2) When the preparation in which a biod gradable polymer is used is administered in th form of an injection, 
such surgical operation as implantation is no more required but the preparation can be administered sub- 
cutaneously, Intramuscularly, or at an organ or a lesion, with ease In quite the same manner as the ordinary 
suspension injections. And. there is no need for taking the matrix out from the body after completion of the drug 

10 release. 

The following Reference Example and Examples illustrate the invention in further detail. 
Reference Example 1 

A four-necked flask equipped with a thenmometer, a condenser and an Inlet of nitrogen was charged with 
160 g of a 85% aqueous solution of DL-lactic acid. The solution was heated under reduced pres^re for six 

15 hours in nitrogen streants at inner temperatures and pressures ranging from lOS'C and 350 mmHg to 150*C 
and 30 mmHg to remove waterthus drsblled. The reaction was allowed lo proceed at 175°C for 90 hours under 
reduced pressure of 3 to 5 mmHg, which was then cooled to room temperatures to give 96 g of a substantially 
colorless massive polymer. This polynrwr was dissolved in tetrahydrofuran and the weight-average nrKHecdar 
weight and the degree of dispersion were determined by means of a gel-permeation chromatography using 

20 commercially available polystyrene of standard molecular weight to find 1 7.200 and 1 .89, respectively. 

Example 1 

TAP-144 (400 mg) was dissolved in 0.5 ml of distilled water to give an aqueous phase. The aqueous sol- 

25 ution was added to a solution of 4 g of poly-DL-lactic acid [Lot No. 870818. weight-average molecular weight 
18,000 (microcapsule Lot No. 244, 245) and Lot No. 880622, weight-average molecular weight 18,200, disper- 
sity 1.76 (microcapsule Lot No. 248)] In 7.5 ml of dichloromethane. The mixture was stirred In a small-size 
homogenlzer (Polytron, product of Kinematica. Switzerland) for about 60 seconds to give a W/0 emulsion. This 
emulston was cooled to 15^*0. This emulsion was then poured into 1.000 ml of a 0.25% aqueous solutton (pre- 

30 viously cooled at 15**C) of polyvinyl alcohol (PVA) which was stinred using a small-size homogentrer to give a 
W/OAW emulsion. Thereafter, dichloromethane was evaporated off. whfle stirring the W/O/W emulsion, to 
thereby solidify the inner W/O emulsion, followed by collecting thus solidified material by centrifugation. 

The material was again dispersed in distilled water, which was subjected to centrifugation, followed by 
washing the drug and the dispersant then liberated. 

35 Microcapsules thus collected w&e subjected to freeze-drying to remove the solvent and to dehydrate mom 
completely to give powdery product The content of the drug to be taken up In the microcapsules (Lot 244. 
245, 248) was prescribed as 9%, and the entrapped ratio was 100% or more. 

These microcapsules were adminfetered to rats (n-5) subcutaneously, then the TAP-144 remaining in the 
microcapsules at the injection site was determined quantitatively to measure the in vwo release rate of the drug. 

40 The results are shown In Table- 1 . 



45 


Table- 1 


in-vivo 


release 


-rate 








Amount 


of Drug 


Remaining 


Subcutaneously (%) 




Lot 


1 dav 


2 weeks 


4 weeks 


8 weeks 


14 weeks 




244 


102.2 


89.0 


70.2 


44.0 


9.5 


SO 


245 


105.9 


82.4 


69.4 


52.1 


9.8 




248 


104.1 


75-4 


72.8 . 


43.7 


11.6 



55 These microcapsules do not show initial burst and continuous release of TAP-144 was observed for 14 

weeks, i.e. longer than 3 months, with substantially good reproducibility. 

Example 2 

Scmilarty, TAP-1 44 (400 mg) was dissolved in 0.5 ml of distilled water I give an aqueous phase. Four grams 
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of poly-DL-iactic acid having a weight-average molecular w ight f 8,400 (Lot 670304, microcapsule Lot 312) 
was dissolved In5 ml of dichloromethane to give an oil phase. The aqueous phase and the oil phase were mixed 
In the sanf>e manner as described at)ove to give a W/0 emulsion. 

This emulsion was cooled to 13**C, which was poured into 1 .000 ml of 0.25% aqueous solution of polyvinyl 
alcohol (PVA). The mixture was processed In the same manner as described above to give a W/O/W mulslon» 
which was prepared into microcapsules. 

Further, 550 mg of TAP-144 was dissolved in 1 ml of distilled water. On the other hand, 4 g each of three 
samples of pdy-DL-lactic acid (Lot No. 890717, molecular weight 14,100. dispersity 2.00 microcapsule Lot 
402 ; Lot No. 690720. molecular weight 17,200, dispersity 1.69. microcapsule Lot No. 405 : Lot No. 890721, 
molecular weight: 17.500. dispersity: 1.87. microcapsule Lot No. 406) was dissolved in 7.5 ml each of _ 
dichloromethane. The above aqueous solution was added to each of the three samples dissolved in 
dichloromethane, followed by processing in the same manner as above to give three samples of W/O emulsion. 
The respective emulsions were poured Into 1 ,000 ml each of three samples of 0.25% aqueous solution of polyvi- 
nyl alcohol previously cooled at 1S*C (the first one) and at 18»C (the second and third ones), which were re- 
spectively processed in Ihe same manner as described in the forgoing to obtain microcapsules. The entrapped 
ratios of the dmg were 101%. 113% and 103%, respectively. 

Table-2 shows in vivo release rates of the drug in the respective microcapsules measured in the same man- 
ner as described above. 

Table-2 



Amount of Drug Remaining Subcutaneously (Z) 
Lot n 1 day 1 week 2 weeks 8 weeks 12 weeks l<i weeks 



312 


5 


66.3 


62. 


,2 


A1.2 


9.6 








^02 


3 


98.0 


78, 


.2 


6A.9 


38.4 


20.0 






AOS 


5 


66.6 


79. 


.A 


52.2 


33.8 




21. 


3 


UOS 


5 


85.5 


86 


.2 


S6.7 


38.8 




23. 


,1 



The release of the drug, after a smaW amount of initial release, shows a continuous long release over longer 
than two months. The term of release was dependent upon the hydrolysis rate of the high molecular polymer 
then employed. 

Example 3 

Microcapsules were prepared, in the same manner as Example 1, from an aqueous phase prepared by 
dissolving 400 mg of TAP-144 in 0.5 ml of distilled water and an oil phase prepared by dissolving 4 g of polylactic 
acid - glycdic acid (90/10) [Lot No. 870320 (weight-average molecular weight : 19,000), microcapsule Lot No. 
315, Lot No. 891020 (weight-average nrKjIecular weight : 13,800), microcapsule Lot No. 410]. Refening to the 
microcapsule Lot No. 410, an aqueous solution prepared by dissolving 550 mg of TAP-144 in 1 ml of distified 
water was used as the inner aqueous phase, and the temperatures of the W/O emulston and the external phase 
were adjusted to 15°C and 16*C. respectively. The entrapped ratios of the drug in these microcapsules were 
106% and 100%, respectively. 

These microcapsules were administered to rats subcutaneously in the same manner as described above, 
and their in vivo release rates of the drug were evaluated. Table-3 shows that sustained-release microcapsules 
for a continuous prolonged period over nrvore than two months were obtained. 
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Table-3 in vivo release-rate (n«5) 







Amount of Drug Remaining 


Subcutaneously (X ) 


Lot 


1 day 


1 week 2 weoks U weeks 


6 weeks 6 weeks 10 weeks 


315 


11. k 


76.0 59.2 51.6 


Al.l 25.8 


i*10 


93.5 


88.3 6/f.l 52.5 


33.1 32.7 15. A 



Example 4 

Microcapsules were prepared, in the same manner as Example 1, from an aqueous phase prepared by 
dissolving 280 mg of TRH {free form) in 0.25 ml of distOled water and an oil phase prepared by dissolving. In 
6 ml of dichloromethane. poly-DL-lactic acid (average molecular weight 17,200, dispersity 1.89) employed in 
Example 2. and by adjusting the temperature of the W/0 emulsion and extemal aqueous phase at 15*0. The 
entrapped ratio of the drug in the microcapsules thus obtained (Lot No. R-103) was 85.8%. 

Table-4 shows that the release of the drug in thus-obtained microcapsule was such long-lasting as covering 
about 3 nnonths. 

Table-4 



Amount of Drug Remainiag Subcutaneously (%) 

Lot 1 day 2 weeks 4 weeks 8 weeks 12 weeks 

R103 98.3 80.0 61.8 30.6 6.7 



Claims 

1. A microcapsule designed for zero order release of a phystologically active polypeptide over a period of at 
least two months, which is produced by preparing a water-ln-oil emulsion comprising an inner aqueous 
phase containing an about 20 to 70% (w/w) of said polypeptide and an oil phase containing a copolymer 
or homopolymer having a weight-average molecular weight of 7,000 to 30,000. the molar composition ratio 
of lactic acid/glycoiic add being 80/20 to 1 00/0, and then subjecting said water-in oil emulsion to microen- 
capsulation. 

2- The microcapsule according to daim 1, wherein said water-in-oil emulsion is dispersed in an aqueous 
phase and then subjecting the resulting waler/oll/water ternary emulsion to an in-water drying. 

3. The microcapsule according to claim 1, wherein said polypeptide comprises having amino acid residues 
of two or more and a moleajlar weight of about 200 to about 1 00.000. 

4. The microcapsule according to daim 1 , wherein said polypeptide is lutenizing hormone-releasing honnone 
(LH-RH) and an analogous substance of LH-RH which is water-soluble and has a molecular weight of 1 ,000 
or more. 

5. The microcapsul according to daim 1 . wherein said polypeptide is (pyr)Gu-His-Trp-Ser-Tyr-D-Leu-Leu- 
Arg-ProNHCaHs (TAP-144). 

8. The microcapsule according to daim 1 , wherein said polypeptide Is thyrotroph -releasing honmone (TRH). 

7, The microcapsule according to daim 1, wherein th molar composition ratio of lactic acid/glycoilc add Is 
90/10 to 100/0. 
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8. Th microcapsule according to dalm 1, wher in said honiopolymer is a pdy-ladic add having a weight- 
average molecular weight of 7.000 to 25.000. 

9. The microcapsule according to daim 1 , wherein saW Inner aque us phase contafris a 25 to 65% (w/w) of 
said polypeptid . 

10. The microcapsule according to daim 1. wherein said inner aqueous phase conlalns a 35 to 60% (w/w) of 
said polypeptide. 

11. The microcapsule according to daim 1, wherein said inner aqueous phase Is prepared without adding a 
dmg retaining sut>stance. 

12. A process for preparing a microcapsule designed for zero order release of a physiologically active polypep- 
tide over a period of at least two months, which comprises preparing a vrater-in-oB emulsion comprising 
an Inner aqueous phase containing an about 20 to 70% (w/w) of the said polypeptide and an oil phase con- 
taining a copolymer or homopolymer having a weight-average molecular weight of 7,000 to 30,000, the 
molar composition ratio of lactic acid/glycolic acid being 80/20 to 100/0, and then subjecting said water- 
in-oil emulsion to an in-water drying or phase-separation method. 

13. The process according to daim 12. wherein said water-ln-oil emulsion is dispersed in an aqueous phase 
and then subjecting the resulting water/oil/water temary emulsion to an In-water drying. 

14. The process according to dalm 1 2, wherein the said water-in-oil emulsion is dispersed In an aqueous phase 
containing polyvinyl alcohol as an emiusifying agent 

15. The process according to daim 12, wherein said polypeptide comprises having amino add residues of two 
or more and a weight-average mdecular weight of about 200 to about 100.000. 

16. The process according to daim 12. wherein said pdypepllde is lutenizing homrone-releaslng hormone (LH- 
RH) and an analogous substance of LH-RH which is water-soluble and has a molecular weight of 1,000 
or more. 

17. The method according to daim 12, wherein said polypeptide is (pyr>Glu-His.Trp-Ser-Tyr-D-Leu-Leu-Arg- 
ProNHC2H6{TAP-144). 

18. The process according to daim 12, said polypeptide is thyrotropin-releasing honmone (TRH). 

19. The process according to daim 12. wherein the molar composition ratio of lactic acid/glycdic add is 90/10 
to 100/0. 

20. The process according to daim 1 2. wherein said homopolymer is a pdy-lactic add having a weight-average 
mdecular weight of 7.000 to 25.000. 

21. The process according to daim 12. wherein said inner aqueous phase contains a 25 to 65% (w/w) of said 
pdypeptide. 

22. The process according to daim 12. wherein said inner aqueous phase contains a 35 to 60% (w/w) of said 
pdypeptide. 

23. The proce^ according to daim 12, wherein said inner aqueous phase is prepared without adding a drug 
retaining substance. 
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